The increased power dissipation and reduced dimensions of microelectronics devices have emphasized the need for highly efficient compact cooling technologies. Microchannel heat sinks are of particular interest due to the very high rates of heat transfer they enable in conjunction with greatly reduced heat sink length scales and coolant mass flow rate. Therefore, in the present work, optimization of laminar convective heat transfer in the microchannel heat sinks is investigated for uniform heat flux and different cross sectional areas of different aspect ratios. Three-dimensional numerical simulations of general form of energy equation were performed to predict Nusselt number in the laminar flow regime. Using these results, an optimum forced convective heat transfer coefficient was computed for several cross sectional areas and Reynolds numbers, utilizing the univariable search method. Different aspect ratios have different influences on Nusselt number in thermally developing and fully developed regions for different cross sectional areas and Reynolds numbers. There exists an optimum Nusselt number for each Reynolds number and cross sectional area by varying aspect ratio. Thus, optimized state is computed and related graphs are presented.
INTRODUCTION
Micro-scale heat transfer has received much interest as the size of the devices decreases, such as in electronic equipments. The performance of these devices is directly related to the temperature; therefore it is a necessary issue to stabilize temperature of these devices at acceptable levels. Microchannel heat sinks have become known as one of the effective cooling techniques [1] .
In recent years lots of efforts have been performed to characterized specifications of microchannels [2, 3] . Lots of parameters influence the heat transfer rate such as Reynolds number, aspect ratio [4] and different thermal boundary conditions. The specific characteristics of microchannel heat sinks such as small length scales, conductive substrate and high pressure drop give rise to conditions that are quite different from those of macro scale channels. It is important for the design of microchannel heat sinks to be able to accurately predict the heat transfer coefficients under different flow and thermal conditions, also the analysis of heat transfer in a rectangular duct is complicated and most studies have employed numerical approaches. In order to achieve this goal optimization helps us to avoid lots of wasting time and energy. Accurate prediction of heat transfer coefficients also requires the thermal boundary conditions to be correctly implemented. In applications where microchannel heat sinks are used, a uniform heat flux or constant wall temperature are usually applied to all walls of microchannel, which is often made of a conductive material such as silicon, copper or aluminum to reduce overall thermal resistances.
One of the following alternative thermal boundary conditions applied to the channel walls:
• Axially uniform heat flux and circumferentially constant wall temperature.
• Axially and circumferentially constant wall temperature. In the present work, heat transfer in laminar flow regime in microchannels of constant cross sectional area are considered, different boundary conditions are applied. Simulations are carried out for a variety of Reynolds number and microchannel aspect ratios. Finally, optimized states are obtained based on Reynolds number and aspect ratios. Figure 1 shows the cross section of microchannel which is used to simulate the heat transfer.
NOMENCLATURE

MICROCHANNEL GEOMETRY
The aspect ratio of the rectangular channel and its hydraulic diameter are defined as eq. (1). For constant length and cross sectional area of the microchannel A is constant so any change in value of a, b cause change in perimeter of the microchannel. Therefore the hydraulic diameter is changed. 
GOVERNING EQUATIONS
To simulate heat transfer in rectangular microchannels following assumptions are used:
• No slip boundary condition is applied on all walls of microchannel and as the flow is assumed to be fully developed, the exact analytical solution [5] is used as the fully developed inlet velocity profile as eq. (2). 
In this equation, dx dp shows the pressure drop through the x-direction of microchannel that can be evaluated from the mean velocity. 
Where the mean velocity, m u is calculated from the Reynolds number, as,
To compute temperature distribution in the microchannel, energy equation should be solved. The energy equation in general form is [6, 7] given by eq. (5).
is the material derivative of the enthalpy, T k∇ ∇.
indicates conductive term, Dt Dp indicates material derivative of thermodynamic pressure,
is the mass concentration gradient, S is the energy source term and φ is the energy dissipation which can be calculated as, Employing assumptions mentioned previously, the general form of energy equation is reduced to eq. (7). 
Where φ is,
Thermal boundary condition on all walls of microchannel is a known uniform heat flux.
The inlet temperature is known but outlet temperature is calculated from the energy equation.
NUMERICAL SIMULATION
According to analytical solution for velocity field it is adequate to solve energy equation with corresponding velocity profile and boundary conditions. To solve this equation, finite difference second order method is utilized. In this study two different aspects are considered, first, calculating Nusselt number according to two type boundary conditions which discussed before, second, optimizing aspect ratio and size of the microchannel with constant cross sectional area to obtain the best heat transfer rate.
For these analyses, constant mass flow rate is considered therefore Reynolds number for each aspect ratio is constant. It should be noticed that only mass flow rates which cause laminar regime is applied.
Obtained results are presented using the dimensionless Nusselt number defined as [4] ,
So these results can be compared to each other in all cases for different aspect ratios and Reynolds numbers.
UNIFORM HEAT FLUX BOUNDARY CONDITION
An axially constant wall heat flux of 2 5 10 m W with circumferentially constant wall temperature is applied to all walls of the microchannel. In order to closely approximate the full three-dimensional conjugate heat transfer analysis with uniform heat flux applied to the bottom of the substrate as typically encountered in power electronics. Cooling fluid enters the microchannel at a temperature of C o 20 , with fully developed velocity profile for 200, 300, 400 and 500 Reynolds numbers. In this case, outlet temperature is calculated as,
Therefore, the outlet temperature for each Reynolds number is constant. The local heat flux and local temperature distributions are obtained from the numerical simulations. With these quantities, the local convective heat transfer coefficient, h(x), can be evaluated using, 
GRID GENERATION
The entire domain was meshed using hexahedral elements. The grid used for the different aspect ratios are included in 
GRID INDEPENDENCY
To consider the effect of the grid size on the results, the meshes for the different channel aspect ratios were verified to result in grid-independent results. For instance, local Nusselt number were calculated for m A . This grid-independence is illustrated graphically in Figure 2 and Also, mean temperature profile for each case is presented in Figure 6 . 
OPTIMIZATION
The energy balance for the microchannel as a whole is given by,
In which, S is a perimeter surface area and A is the cross sectional area of the microchannel. Simplification of this equation leads to,
According to constant properties, length and heat flux, for minimizing temperature difference between walls and bulk fluid, the average Nusselt number should be maximized.
Temperature difference between wall and bulk mean temperature of the fluid is shown in Figure 15 . Performing optimization method is based on the golden section search which is a technique for finding the extremum of a unimodal function by successively narrowing the range of values inside which the extremum is known to exist. The technique derives its name from the fact that the algorithm maintains the function values for triples of points whose distances form a golden ratio. The algorithm is closely related to a Fibonacci search and to a binary search. Golden section search was introduced by Kiefer and Fibonacci search by Avriel and Wilde [8] .
Optimization is performed on the average Nusselt number for different Reynolds numbers and cross sectional areas based on aspect ratios and show variations of average Nusselt number via Reynolds numbers and aspect ratios in Figures 16 and 17 . These curves have an optimum point which is obtained by using search method optimization as shown in Figure 18 . Results for the optimization study are condensed into the graph in Figure 19 . Using this figure one can obtain the optimum aspect ratio for a given Reynolds number.
This figure shows that increasing Reynolds number lead to increasing Nusselt number value. 
CONCLUSION
Local and average Nusselt numbers in the laminar flow of a Newtonian fluid through rectangular microchannels using uniform heat flux boundary condition is investigated by second order finite difference scheme. Different Reynolds numbers, aspect ratios and cross sectional areas are considered to investigate their influences on the heat transfer rate in constant cross sectional areas. In each case, temperature distribution in microchannels, local and average Nusselt numbers are computed and presented.
In order to have constant properties, temperature in corners of the microchannel should not exceed the saturated point; therefore, Value of uniform heat flux is limited. In spite of equally outlet temperature for each Reynolds number in different cross sectional areas, temperature rising in the corner points of the microchannel with greater cross sectional area is higher.
Optimization of Nusselt number versus Reynolds number and aspect ratios is performed. Results are shown in the different diagrams which represent influences of these parameters. Such as, increasing cross sectional area in constant Reynolds number leads to increasing optimum aspect ratio and maximum Nusselt number. Rising Reynolds number in constant aspect ratio causes increasing maximum Nusselt number.
Finally, in addition to aspect ratio, size of the microchannel has a great influence on the heat transfer.
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